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(54) Fast forward power control during soft handoff 



(57) Disclosed is an apparatus for and method of 
increasing the stability of a CDMA cellular system using 
fast forward power control. This is accomplished by 
improving the relative power level synchronization of all 
the BTSs communicating with an MS in a handoff mode 
through the use of at least one of 1) setting the power 
levels of any BTS other than the BTS having the best 
measured B^N^ (bit energy to noise density) of reverse 
link PRC (forward power control) bit stream transmis- 
sions from said MS, hereinafter BTS(x), to a power level 
which is a function of the power level of BTS(x), 2) 
adjusting at least one of lower and upper limits of traffic 
channel gain of a BTS as a function of whether or not 
said given MS is in a handoff mode and 3) adjusting at 
least one of the incremental PPC (forward power con- 
trol) and RPC (reverse power control) parameters as a 
function of the number of BTSs in a soft handoff mode 
with respect to said MS. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates in general to 
wireless connnnunication systems and in particular to an 
efficient nnethod of and apparatus for improving the 
implementation of fast forward power control during soft 
hand off. 

BACKGROUND 

[0002] In a CDMA (code division multiple access) 
cellular system comply ng with an industry standard 
specification as set forth in IS -95 A, the repetition rate of 
the forward link power control signals is slow, on the 
order of 50Hz. Thp MS (mobile station) reports the sta- 
tus of the forward Imk Irames to the SBS (selector bank 
subsystem) of a BSC (base station controller) via the 
entire set of BTSs (base station transceiver subsys- 
tems) in soft handoft witn tie MS Based on the frame 
quality, the power contrci algorithm, as implemented by 
the SBS, determines tne new transmit oower levels for 
all the BTSs in soft handDft wrth the MS The SBS relays 
the new transmit power levels to the B^Ss. Hence, the 
power level used by each BTS ir soft handoff with the 
MS is always equal. That ts. the forward link power allo- 
cated to the MS at each of :he BTSs is always synchro- 
nized to the same power ievel. 

[0003] When a forward link frame is transmitted to 
the MS from the BTSs. rt takes a firtte amount of time 
before the MS receives it if a communication mode 
designated as Rate Set 2 is employed, then the MS 
encodes an EIB (Erasure Indicator Bit) into the next out- 
going reverse link frame, signifying the status of the for- 
ward link frame. After additional propagation delays, 
each BTS in soft handoff with the MS relays the demod- 
ulated reverse link frame and associated frame quality 
metrics to the SBS. The SBS then updates the forward 
transmit power levels of the forward link based on the 
EIB and instructs the BTSs to use the new level. There- 
fore, the time between the transmission of a forward link 
frame and the corresponding increase/decrease in 
transmit power is a constant delay. The delay is based 
upon the architecture (propagation/processing delays of 
the various interconnecting blocks) of the system. In 
rate set 1, on the other hand, the power control is 
accomplished through the use of the reverse link "Power 
Measurement Report Message" (PMRM), which is trig- 
gered by a count of the number of bad forward link 
frames. 

[0004] The fact that the power control process is 
slow implies that under certain channel conditions, spe- 
cifically low speed movement of the MS and single mul- 
tipath environments where long deep fades are 
expected, a high average forward transmit power is 
required to meet a given GOS (grade of service). 
[0005] An evolution of CDMA, popularly designated 



as 3G (third generation), includes a fast f onward link 
power control scheme wherein the MS determines 
whether or not it requires more forward link power to 
maintain the GOS. The decision is transmitted rapidly to 

5 the BTSs via a reverse link dedicated control channel. 
[0006] With the introduction of fast forward link 
power control, there was the expectation that forward 
link capacity would increase by large amounts at low 
mobile velocities. However, all the published analyses, 

10 known to the present inventors, carried out to character- 
ize the actual capacity gain have failed to consider the 
performance of the algorithm during soft handoff. The 
term "soft handoff" throughout the remainder of this 
document is intended to define the situation where an 

15 MS is in communication with two or more BTSs prepar- 
atory to the potential of being transferred from one cell 
to another. The independence of the reverse links dur- 
ing soft handoff, in terms of slow/fast fading and dis- 
tance/antenna related path tosses to the mobile, result 

20 in different raw bit error rates. Individual BTSs that are in 
soft handoff, rapidly control their transmit power based 
on the forward power control bits they demodulate from 
the reverse link. This may, and often does, result in a 
deviation in instantaneous transmit power at the differ- 

25 ent BTSs. Depending on the degree of soft handoff, the 
average path loss difference between mobile and BTSs, 
and the power control parameters used, the resulting 
required forward link transmit power for a user may be 
quite high due to this mismatch. This translates to 

30 capacity degradation. 

[0007] The main conclusion that may be drawn from 
the above, is that, to understand the practical effects of 
fast fonward power control on capacity, one must con- 
sider the fact that an MS may be in a soft handoff mode 

35 for a significant amount of time. During this time, there is 
substantial opportunity for the transmission power lev- 
els of the different BTSs in soft handoff with the MS to 
become substantially non-synchronized. Additionally, 
one or more soft handoff forward links may be inade- 

40 quately controlled due to poor reverse links. Such a sit- 
uation detrimentally affects the potential capacity of 
such a system. 

[0008] CDMA systems using fast forward link power 
control will be appreciated by the skilled addressee. 

45 [0009] To realize the fast forward power control 
technique, the MS estimates the SNR (signal to noise 
ratio) per power control group after maximally ratio com- 
bining the received signal energy per multipath. The 
estimation is compared to a threshold and, based on the 

50 comparison, a power control, up or down, command is 
generated. The MS adjusts this SNR threshold every 
frame, or at 50 Hz, based on the quality of forward link 
frames. Each time a forward link frame is received in 
error, the threshold is increased. This represents situa- 

55 tions where the SNR may be insufficient for the current 
mobility conditions. If the forward link frame is good, the 
SNR threshold is reduced. This is based on the 
assumption that the SNR is sufficient for the given GOS 
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levels. The increase and decrease of the threshold are 
related by a FER (frame error rate) requirement. The 
up/down decisions are the control nnechanism that 
ensures that the received SNR or the forward link is 
equal to the threshold. 

[0010] During soft handoff, the different BTSs, of a 
3G fast power control system, must now independently 
demodulate the MS power control decisions. Based on 
the demodulated decision, the BTS will increase/ 
decrease its transmitted power. It is quite likely that the 
reverse links between the MS and the different BTSs 
will have different instantaneous power control bit error 
rates. Consequently, the actual decision that each BTS 
makes may not be the same. In other words, some 
BTSs may demodulate the power control bit decision in 
error. With the existing prior art network architecture, 
the BSC cannot synchronize the BTSs to the same 
power level after each power control decision because 
of the inherent processing and queuing delay of the 
centra! processing unit and interconnecting communi- 
cation links. If the reverse links from MS to BTSs were 
error free, then the transmitted power at each BTS per 
power control group time segment would be equal and 
perfectly synchronized. However, as mentioned above, 
each BTS to MS reverse link is likely to have a different 
instantaneous error rate due to the independent 
slow/fast fc.ding, and different distance/antenna related 
path losses. Thus, if each link has a different error rate, 
then the actual transmitted powers from each BTS to 
MS during soft handoff deviate. This may result in loss 
of diversity. This Is further explained via a possible sce- 
nario discussed below. 

[001 1 ] It may be assumed that the M S is in two-way 
soft handoff with the network. If the BTSs could be per- 
fectly synchronized, then they would power up/down 
together. Hence, the diversity gain is optimized; when 
one path fades, the other is used and the reverse sce- 
nario also holds. In practice, even when the BTSs start 
out at the same level transmitted power level, due to dif- 
ferent power control bit error rates per reverse link, their 
transmit power levels and up/down decisions are no 
longer perfectly synchronized. Typically, one reverse 
link will have a much higher FER and BER (raw bit error 
rate) than the other reverse link. If the MS requires lower 
forward power, then one BTS will power down quickly 
and appropriately, while the other may well remain at 
the same power level (if the raw BER is 50%), or power 
down at a much slower rate. Stability is usually main- 
tained in such cases. Stability, for the purposes of this 
document, means that the FER requirements are main- 
tained and the call drop rates are not increased. Since 
one BTS is not powering down, the other will power 
down to a lower level than it would if both links were 
adequately controlled. This ensures that just enough 
signal energy is provided to maintain GOS. 
[0012] However, the converse is equally probable. 
Once the forward link is insufficient to a meet a given 
GOS, only the BTS with the more accurate reverse link 
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will be able to react faster and more accurately by 
increasing Its transmit power. Therefore, the resulting 
BTSs power levels are likely to be significantly different. 
The diversity gain is affected as a function of the differ- 

5 ence between these levels. In other words, the forward 
link associated with the weaker reverse link is unable to 
provide diversity gain due to its inability to increase its 
transmit power. Thus, the overall requirement on power 
is higher in order for the adequately power controlled 

10 link to make up for the loss of diversity. Even if the 
weaker reverse link improves, the BTSs remain out of 
synch by an indeterminate factor as they adjust their 
powers up or down. If the other reverse link corrupts, the 
mismatch may increase or narrow. 

15 [0013] It is important to keep in mind that while the 
higher reverse bit error rate on one link causes the traf- 
fic channel transmit power from one BTS to be much 
lower, the MAI (multiple access interference) that the 
BTS contributes at the MS receiver may still be high 

20 since, for the purposes of this discussion, it is assumed 
that the MS is in a soft handoff region. Thus the benefits 
of diversity cannot be realized. The overall effect is a 
reduction in system capacity. In fact, as the order of soft 
handoff goes up, this effect is more noticeable. There- 

25 fore, the soft handoff gain/benefit is compromised. 

[0014] It may be noted that even if the MS were in a 
high order soft handoff and each link had independent 
5% error rates, the traffic performance would still remain 
stable. This is because the forward powers of each BTS 

30 would not gravitate far apart. The problem is due to the 
fact that the error rates are "bursty". By the term 
"bursty", we mean that there are spurts of reverse link 
power control bit en-ors. Even though the overall reverse 
power control bit error rates are at 5%, one reverse link 

35 rate may have a power control bit error rate as low as a 
fraction of a percent, but occasionally go through error 
rate periods on the orcler of 20% to 30%. This causes 
the forward link power levels to significantly drift apart at 
each BTS, thereby resulting in a loss of diversity. 

40 [0015] Finally, the overall power control coupling 
between forward and reverse link needs to be consid- 
ered. If the MS is in a higher order soft handoff, and 
there is a poor forward link quality from a number of 
BTSs, the MS is more likely to make wrong reverse link 

45 power control decisions, and its general trend is to 
power down (lower the output transmitted power). This 
will in turn affect the power control bit rate and forward 
link frame quality, which further degrades the reverse 
link power control process. Eventually all forward link 

50 power control bits carried on all the reverse links may 
thus be in error. 

[0016] It would thus be desirable to find a way to 
improve the reverse link reliability during soft handoff, to 
ensure that such situations are minimized. It should be 
55 noted that there are practical issues, concerning 
present hardware and network limitations and stand- 
ards, with synchronizing quickly that make rapid BTS 
power level synchronization a non-viable option at this 
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time due to present day technology limitations and 
industry accepted standards. It is thus believed that a 
methodology is needed that synchronizes slowly and at 
regular intervals. Consequently, appropriate power con- 
trol parameter selection, as a function of the state of soft 
handoff, is believed to be a prime factor in preventing 
capacity degradation. 

SUMM ARY OF THE INVENTION 

[0017] The present invention comprises a method 
of improving the relative power level synchronization of 
all the BTSs communicating with an MS in a handoff 
mode through the use of at least one of 1 ) synchronizing 
a!i the handoff BTSs to the power level of the BTS hav- 
ing the best measured E|-/No (bit energy to noise den- 
sity) of reverse lint< transmissions, 2) adjusting at least 
one of lower and upper limits of traffic channel gain of a 
BTS as a function of handoff mode and 3) adjusting at 
least one of the incremental FPC (forward power con- 
trol) and RPC (reverse power control) parameters as a 
function of tne number of BTSs in a soft handoff mode. 
[0018] According to a first aspect of the present 
invention there is provided a cellular communication 
system incorporating fast forward power control and 
having at least 2 BTSs receiving reverse link transmis- 
sions from a MS (mobile station) comprising: measuring 
means, comprising a part of each BTS in the system, for 
measuring a parameter, at each of the BTSs receiving 
reverse link transmissions from said MS, of reverse link 
FPC (tonward power control) bit stream transmissions 
from said MS; comparison means for periodically com- 
paring the measured parameter to detemiine which 
BTS is receiving the most reliable FPC data wherein the 
BTS determined to be is receiving the most reliable FPC 
data is designated hereinafter as BTS(x); further com- 
parison means for comparing the transmit power level of 
each BTS, other than BTS(x), with the transmit power 
level of BTS(x); and instructing means for instructing 
each BTS, other than BTS(x), whose power level differs 
from the transmit power level of BTS(x) by more than a 
predetermined value, to adjust the power level of trans- 
missions to said f^S to the level of BTS(x). 
[0019] In a preferred embodiment, the parameter 
measured is E^/Nq (bit energy to noise density). 
[0020] In another embodiment, the cellular commu- 
nication system further comprises: BSC checking 
means for determining the number of BTSs in a soft 
handoff mode with respect to a given MS; and means 
for adjusting at least one of the incremental FPC, RPC 
(reverse power control) parameters and the lower limit 
of traffic channel gain as a function of the number of 
BTSs in a soft handoff mode with respect to said MS. 
[0021] In another aspect of the present invention 
there is provided a method of attempting to synchronize 
BTS (base transceiver station) transmit powers of a cel- 
lular communication system to an MS (mobile station) 
when there are at least 2 BTSs receiving reverse link 



transmissions from said MS, the method connprising: 
measuring the E^/Nq (bit energy to noise density) of 
reverse link FPC (fonward power control) bit stream 
transmissions from said MS; periodically comparing the 

5 measured E^Nq to determine which BTS is receiving 
the most reliable FPC data; and instructing active set 
BTSs, other than the BTS determined to be receiving 
the most reliable FPC data, to adjust the power level of 
transmissions to said MS to the level of the BTS deter- 

70 mined to be receiving the most reliable FPC data from 
said MS. 

[0022] In a further aspect of the present invention 
there is provided a method of adjusting power control 
parameters in a cellular communication system, the 

75 method comprising: determining the number of BTSs 
(base transceiver stations) in a soft handoff mode with 
respect to a MS (mobile station); and adjusting at least 
one of the incremental FPC (forward power control) and 
RPC (reverse power control) parameters as a function 

20 of the number of BTSs in a soft handoff mode with 
respect to said MS. 

[0023] In yet another aspect of the present inven- 
tion there is provided a method of adjusting power con- 
trol parameters as part of a fast fonA^ard power control 

25 function of the BTSs (base transceiver stations)in a cel- 
lular communication system comprising the steps of: 
determining the number of BTSs in a soft handoff mode 
with respect to a given MS (mobile station); and adjust- 
ing a tower limit of traffic channel gain of a BTS (base 

30 transceiver station) as regards communications with a 
given MS (mobile station) as a function of whether or 
not said given MS is in a handoff mode. 
[0024] In still yet another aspect of the present 
invention there is provided a cellular communication 

35 system incorporating fast fonward power control and 
having at least 2 BTSs receiving reverse link transmis- 
sions from a MS (mobile station) comprising: checking 
means for determining the number of BTSs (base trans- 
ceiver stations) in a soft handoff mode with respect to a 

40 MS (mobile station); and means for adjusting at least 
one of the incremental FPC (forward power control) and 
RPC (reverse power control) parameters as a function 
of the number of BTSs in a soft handoff mode with 
respect to said MS. 

45 [0025] In a further aspect there is provided a cellu- 
lar communication system incorporating fast forward 
power control and at times having at least 2 BTSs 
receiving reverse link transmissions from a MS (mobile 
station) in a handoff mode comprising: checking means 

50 for determining the number of BTSs in a soft handoff 
mode with respect to a given MS (mobile station); and at 
least one of a) circuitry for adjusting a lower limit of traf- 
fic channel gain of a BTS (base transceiver station) as 
regards communications with a given MS (mobile sta- 

55 tion) as a function of whether or not said given MS is in 
a handoff mode; b) circuitry for adjusting the range 
between lower and upper limits of traffic channel gain of 
a BTS (base transceiver station) as regards communi- 
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cations with a given IVIS (mobile station) as a function of 
wlietlier or not said given MS is in a handoff mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Exennplary ennbodiments of the present 
invention, and associated advantages, will now be 
described with reference to the acconnpanying draw- 
ings, in which: 

FIGURE 1 is a block diagram of a cellular system 
used in describing the operation of the invention; 
FIGURE 2 is a flow diagram showing one of the 
inventive aspects of the present invention; and 
FIGURE 3 is a flow diagram showing two additional 
inventive aspects of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0027] In FIGURE 1, an MTSO (mobile telephone 
switching office) block 10 is connected to a BSC (base 
station controller) block 12 as well as to a cloud labelled 
PSTN (public switched telephone network) 14. Within 
block 12 there is shown an SBS (selector bank subsys- 
tem) block 16. First and second BTS blocks 18 and 20 
are connected to BSC 12 by communication links 22 
and 24 respectively. An antenna 26 of BTS 1 8 is shown 
transmitting forward link signals to an MS (mobile sta- 
tion) 28. Reverse link, part of which Is the power control 
channel signals, are being returned from MS 28 to the 
antenna 26. A further antenna 30 for BTS 20 is also 
shown sending forward link signals to MS 28 and receiv- 
ing reverse power control channel signals. A dash line 
CPU (central processing unit) block 32 is included as an 
alternative computational that may be used instead of 
the BSC 12. This is presented with high speed links 
connected from each BTS involved. In such an imple- 
mentation, a BTS may be designed to use a centralized 
CPU when such a unit Is detected but use a BSC as a 
default processor. In FIGURE 2 a block 50 sets forth the 
requirement that all BTSs in a soft hand off mode with 
an MS estimate Ej/Nq (bit energy to noise density), over 
a period "N". At present, a data frame is generated over 
a time period of 20 ms (milliseconds) and thus com- 
prises an appropriate time period for N. The process 
then continues with block 52 where each of the BTSs 
sends the Et/No estimate and current transmit power to 
a central location such as BSC 12 of FIGURE 1. In a 
block 54, the BSC determines the "best BTS" which cor- 
responds to BTS(x) having the best detected reverse 
link Et/No. The process then proceeds to a decision 
block 56 where the absolute value of the incremental 
difference of the output power for each BTS with respect 
to BTS(x) is determined. If any BTS output powers 
incremental difference are found to exceed a predeter- 
mined threshold, these BTSs are put into a synchroni- 
zation list in a block 58. In a block 60, each of the BTSs 



in the list are instructed to use the power output of 
BTS(x) (the best) and the process returns to block 50. If 
none of the BTSs exceed the prescribed incremental 
difference, the process passes to block 62 and from 

5 there returns to block 50. 

[0028] In FIGURE 3, the process typically remains 
in a decision block 73 while checking to determine If 
there is a change in soft handoff state for each MS with 
whom the BTS is in contact. This change may be from 

10 no handoff to a handoff mode as well as from a handoff 
involving a plurality of BTSs to a different plurality of 
BTSs. Upon detection of a change of state, the process 
proceeds to a decision block 75. If the MS Is no longer 
in soft handoff, the process goes to block 77 where the 

15 lower limit on traffic channel power may be adjusted 
downward in accordance with the system configuration. 
In some circumstances it may be desirable to adjust the 
upper limit at the same time. This upper limit may be 
altered either up or down. However, typically the range 

20 between upper and lower limits would be increased 
when an MS is not in a soft handoff mode. A next block 
79 causes an adjustment (normally an increase) in the 
setting of an "fpc" (forward power control) increment. As 
used in this document, "fpc" is the amount by which the 

25 BTS would increase/decrease Its power. As an example 
this alteration might be 1.0, 0.5 or 0.25 db. Then, in a 
block 81, a message is sent to the MS requesting an 
adjustment (normally an increase) in the "rpc" (reverse 
power control) increment. By definition herein, "rpc" is 

30 the amount by which the MS would increase/decrease 
its power in a manner similar to that mentioned above. 
In IS95A, the forward link is punctured every power con- 
trol group with the decision in the form of bits, upon 
which the MS can make a hard decision. This invention 

35 operates similarly in 3G for "rpc" and "fpc". 3G CDMA 
also allow the use of separate channels to carry this 
rpc/fpc information. The process then returns to deci- 
sion block 73 to await any further changes in soft hand- 
off state. 

40 [0029] If, in block 75, a determination is made that 
the BTS is now in a soft handoff state with respect to a 
given MS, the process advances to a block 85. In block 
85, the lower limit on traffic channel power may be 
raised depending upon the present service conditions 

45 and the state of handoff. The upper limit may also be 
adjusted as mentioned above in connection with block 
77. In a block 87, the incremental value of "fpc" may be 
increased or decreased depending upon the direction of 
change detected in decision block 73 and the numbers 

50 of BTSs presently involved in a soft handoff mode with 
the MS. In a like manner, a message Is sent to the MS 
to either increase or decrease the "rpc" increment as a 
function of the state of soft handoff. 
[0030] As indicated supra, we have determined that 

55 to provide maximum improvement in a cellular system 
using fast forward power control while in a soft handoff 
mode, several adjustments need to be made to system 
parameters some of which are a function of the number 
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of BTSs involved in the soft handoff state. 
[0031] As was explained briefly in the background 
section, the lack of power output level synchronization 
nnay cause loss of diversity of signals being sent from 
the BTS to an MS in a soft handoff mode. This is due to 
one or more BTSs changing transmission power levels 
inappropriately due to high reverse link bit errors. The 
end effect is a mismatch in transmitted power between 
the different BTSs. For instance, the strongest BTS in 
tenns of instantaneous path loss may now be transmit- 
ting considerably less power than the other BTSs. Con- 
sequently, the other BTSs have to transmit even more 
power to make up for strong interference from the first 
BTS and loss of diversity. 

[0032] Therefore, an approach to solving this prob- 
lem is to ensure that the mismatch is never too large. 
For instance, if the lower limit on transmit power is kept 
at a very low value without maintaining synchronization 
of BTS transmit power levels, it may be determined by 
experiment or testing that all the forward transmit power 
levels are much higher than is the case in perfect syn- 
chronization cases. This is because one or more BTS 
transmit levels drift and remain at levels far below the 
other BTS transmit levels, creating the referenced loss 
of diversity situation. In fact, due to system set upper 
limit cap on the transmit power, the remaining BTSs are 
likely to be unable to meet the GOS, (i.e. the resulting 
FER is far above the typically desired 1 % set point). 
[0033] Thus the block 77 In FIGURE 3 provides the 
function of lowering the lower limit on traffic channel 
power in most situations where a BTS is not involved in 
a soft handoff mode with a given MS. This allows the 
MS get very close to the BTS without being overpow- 
ered by the BTS transmission signal and further allows 
the BTS to reduce its output signal to a low enough level 
that it will potentially increase its capacity to handle 
more traffic. The block 85, is the converse of block 77, in 
that normally the lower limit on the traffic channel of a 
BTS involved in a soft handoff mode will be raised so 
that it can not power down as far when the RPC mes- 
sages in the reverse link are erroneously detected. 
[0034] Although not specifically detailed above, it 
has further been detemnined that the step size of the 
FPC and RPC parameters have an affect on the stability 
of 3G CDMA systems when fast forward power control 
is implemented. The problem of too high an RPC when 
in soft handoff is already something that even affects 
existing IS-95A systems. When the MS is in high order 
soft handoff with the network, it is likely that one or more 
forward links are unreliable. In such situations, the MS 
may demodulate many of the reverse power control bits 
in error and actually start to power down. This is due to 
the way in which the rules have been established. As 
set forth In the standards, if even one power control bit 
is demodulated as down, the MS will power down 
(reduce the output transmission power level). It can only 
power up, if all the bits demodulated are demodulated 
as "power ups". Therefor, if the "rpc" increment is high, 



for instance I.OdB, then the MS could potentially power 
down in en-or very rapidly. Within 1 frame it may power 
down as much as 1 6dB. If the "rpc" is lower, i.e. 0.25dB, 
then the MS powers down 4 times slower. In one frame, 

5 it can only power down as much as 4dB. 

[0035] Due to selection diversity provided by multi- 
ple soft handoff legs and antenna diversity at the BTS 
receiver, a higher "rpc" increment will not buy any radi- 
cal performance improvement. In fact, maintaining a 

10 lower "rpc," step increment provides better reverse link 
reliability. In controlled tests, improved stability has 
been observed in IS95A type systems when the RPC 
step increment is lower in a soft handoff mode than a 
given RPC increment in a non-handoff mode. 

15 [0036] Note that the reverse link stability ties 
directly with forward link stability when fast forward 
power control is operating. If the MS erroneously pow- 
ers down by large amounts frequently, then the forward 
power control bits that it is supplying to the various 

20 BTSs are likely to go through higher bit error rates. This 
will affect the forward link stability. Once fonvard link sta- 
bility is affected, it further affects reverse link quality. 
The end result is cyclical leading to degradation in sys- 
tem capacity. 

25 [0037] During situations where the MS is in high 
orders of soft handoff with multiple BTSs, an even lower 
"fpc" increment has been determined to provide some 
benefit. If some of the BTSs make a wrong decision in 
demodulating the power control bit on the reverse link, 

30 they power down with a lower "fpc." Therefore, the dif- 
ferences in transmit power between the different BTSs 
do not gravitate apart as rapidly. A lower fpc," does not 
substantially affect forward link capacity, because the 
MS is in a high order of soft handoff, hence the overall 

35 fading of the combined multipath is not as deep as a sin- 
gle path scenario. Therefore, power controlling with 0 
25dB as opposed to 0.5dB does not affect capacity per- 
formance significantly. There is an added benefit to 
using small step such as 0.25dB in that a larger delay 

40 when synchronizing can be budgeted for. In other words 
a larger synchronization delay may be used because 
the BTS transmit powers do not move apart as rapidly. 
[0038] As set forth above, it has been determined 
that when using a larger PRC step size, such as O.SdB, 

45 the reverse link has a higher probability of becoming 
unstable during higher orders of soft handoff. Any such 
reverse link instability leads to fonward link instability. 
Hence, the fonward link degradation is not due to 
improper synchronization but rather to the unstable 

50 reverse link. In simulation tests where the BTS output 
power levels has been synchronized and 0.25dB step 
sizes have been used for '^pc" and "rpc", stability has 
been observed for all cases. 

[0039] From the above, it is believed apparent that 
55 slow synchronization cannot, by itself, be used to solve 
the drifting apart of BTS transmit levels. Rapid synchro- 
nization can solve the drifting apart of BTS transmit lev- 
els, but at substantial cost to the network to actually 
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facilitate such a feature. This invention thus uses appro- 
priate power control paranneters to prevent a large drift 
such that slow synchronization can be applied to correct 
for any drift that does occur, in this manner, the benefits 
of fast power control are achieved through the use of 
appropriately chosen parameters for different handoff 
situations. 

[0040] An algorithm for dealing with the above 
parameter adjustments is shown in FIGURES 2 and 3. 
The power control parameter adjustment as function of 
soft handoff is presented in FIGURE 2. FIGURE 3 deals 
with slow synchronization to prevent an inadequately 
power controlled base station from settling to the lower 
or upper limits on the forward link transmit power. 
[0041] While FIGURE 3 is believed apparent from 
the above, it may be mentioned that, whenever the state 
of handoff changes, the parameters "fpc," "rpc," and the 
lower limit on traffic channel power are adjusted accord- 
ingly. If for instance the handoff increases to contain 
three or more BTSs, then a small step value for "fpc," 
and "rpc" such as 0.25dB may be used. If the soft hand- 
off involves less than 3 BTSs, then a larger step value 
for "fpc," and "rpc" such as 0.5dB may be used. Simi- 
larly, the lower limit of traffic channel gain may be low- 
ered in situations where there is no soft handoff, and 
increased when the MS is in soft handoff. The only mes- 
sage required, is one that instructs the MS to adjust 
"rpc* 

[0042] Referring now to FIGURE 2, in block 50 it 
shows that the BTSs measure E^Nq over a period N, for 
instance 1 frame, and then transmit the measurement 
obtained along with the instantaneous traffic channel 
transmit power whenever it is in soft handoff as set forth 
in block 52 to a central location such as the BSC. Cir- 
cuitry within the BSC, as shown in block 54, may be 
used to determine the BTS with the most reliable 
reverse link, hence the BTS which is likely to be the one 
most reliably power controlled. In decision block 56, the 
BSC compares the transmit levels of the other BTSs 
with this BTS(x) and based on the comparison deter- 
mines if their transmit powers need to be adjusted. If 
any of the BTSs need to be adjusted, for instance 
maybe one or more BTSs are sitting at the lower limit, or 
upper limit, the process continues to blocks 58 and 60 
where the BSC compiles a list and sends messages 
instructing these BTSs to use a new transmit level. This 
transmit level is the level that was sent to it by the most 
reliable BTS(x). In most situations, the BTSs will not 
need synchronization and the process returns through 
block 62 to block 50. However the part of the process 
set forth in FIGURE 2 is used as a safety check to 
ensure that BTSs are not sitting at the lower/upper limits 
of traffic channel transmit power. 
[0043] It has been determined ennpiricalty, that, 
whenever the MS is not in soft handoff, the transmit 
power levels of a BTS, where a MS is receiving multip- 
ath signals due to topographic signals reflections, were 
much lower than occurred in single path cases. The 



degree of transmit power level difference is dependent 
on the speed of movement of the MS. However, in cases 
of soft handoff, it has been determined that the transmit 
power level difference depends on the power control 

5 scheme employed. With the fast power control cases, 
the forward link power requirement in the two multipath 
case was higher when in 3 way soft handoff and above. 
This is due to dispersed power effects. These determi- 
nations were made with equipment having only three 

10 RAKE fingers at the MS. Three RAKE fingers are typical 
in an MS, hence much of the multipath cannot be used 
for maximal ratio combining though it contributes to 
interference. In the slow power control simulations, the 
gain during no handoff situations is so large, that it 

15 makes up for dispersed power effects in higher handoff 
situations. However, for two and some three way hand- 
off, the diversity gain is larger than the dispersed power 
impacts, and so the required power is still marginally 
less in the two multipath case. The end result is a reduc- 

20 tion in the forward (ink average transmit power require- 
ments. 

[0044] As a summary of the above, we have deter- 
mined that the lower limit on traffic channel transmit 
power needs to be adequately set. Too low a value 

25 impacts capacity by necessitating the need for rapid 
synchronization. Too high a value also impacts capacity 
by resulting in higher than required transmit power lev- 
els for a given GOS. We have also determined that a 
lower value of power adjustment should be used when 

30 the MS is in high orders of soft handoff. This reduces 
the standard deviation of both the forward and reverse 
transmit power errors, thereby enabling stable perform- 
ance of the system. In conjunction with the above, slow 
synchronization provides some marginal gain improve- 

35 ment. Accordingly, circuitry in the BSC is used to slowly 
rectify transmit power levels of some of the BTSs in soft 
handoff of the MS. 

[0045] Although the invention has been described 
with reference to specific CDMA system embodiments, 

40 these descriptions are not meant to be construed in a 
limiting sense. Various modifications of the disclosed 
embodiments, as well as alternative embodiments of 
the invention, will become apparent to persons skilled in 
the art upon reference to the description of the inven- 

45 tion. 

Claims 

1. A cellular communication system incorporating fast 
50 forward power control and having at least 2 BTSs 
receiving reverse link transmissions from a MS 
(mobile station) comprising: 

measuring means, comprising a part of each 
55 BTS in the system, for measuring a parameter, 

at each of the BTSs receiving reverse link 
transmissions from said MS, of reverse link 
FPC (fonward power control) bit stream trans- 
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missions from said MS ; 
comparison means for periodically comparing 
the measured parameter to determine which 
BTS is receiving the most reliable FPC data 
wherein the BTS determined to be is receiving 
the most reliable FPC data is designated here- 
inafter as BTS(x); 

further comparison means for comparing the 
transmit power level of each BTS, other than 
BTS{x), with the transmit power level of BTS(x); 
and 

Instructing means for instructing each BTS, 
other than BTS(x), whose power level differs 
from the transmit power level of BTS(x) by 
more than a predetermined value, to adjust the 
power level of transmissions to said MS to the 
level of BTS(x). 



or 



at each of the BTSs receiving reverse link 
transmissions from said MS. 

5 6. The method of claim 3 or 4 or 5 further comprising: 



instructing each BTS, other than the BTS 
determined to be receiving the most reliable 
FPC data (hereinafter BT(x)), whose power 
level differs from the transmit power level of 
BTS(x) by more than a predetermined value, to 
adjust the power level of transmissions to said 
MS to the level of BTS(x). 
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A method of adjusting power control parameters in 
a cellular communication system, the method com- 
prising: 



2. The cellular communication system as claimed in 
claim 1 where the parameter measured is E^/No (bit 
energy to noise density). 

3. The cellular communication system of claim 1 or 2 
further comprising: 

BSC checking means for determining the 
number of BTSs in a soft handoff mode with 
respect to a given MS; and 
means for adjusting at least one of the incre- 
mental FPC, RPC (reverse power control) 
parameters and the lower limit of traffic channel 
gain as a function of the number of BTSs in a 
soft handoff mode with respect to said MS, 

4. A method of attempting to synchronize BTS (base 
transceiver station) transmit powers of a cellular 
communication system to an MS (mobile station) 
when there are at least 2 BTSs receiving reverse 
link transmissions from said MS, the method com- 
prising: 

measuring the Et/Np (bit energy to noise den- 
sity) of reverse link FPC (forward power con- 
trol) bit stream transmissions from said MS; 
periodically comparing the measured Ej/Nq to 
determine which BTS is receiving the most reli- 
able FPC data; and 

Instructing active set BTSs, other than the BTS 
determined to be receiving the most reliable 
FPC data, to adjust the power level of transmis- 
sions to said MS to the level of the BTS deter- 
mined to be receiving the most reliable FPC 
data from said MS. 

5. The method of claim 4, wherein the step of measur- 
ing Ej/Nq is perfomned either: 

at each BTS listed in an active set of said MS; 



determining the number of BTSs (base trans- 
20 ceiver stations) in a soft handoff mode with 

respect to a MS (mobile station); and 
adjusting at least one of the incremental FPC 
(forward power control) and RPC (reverse 
power control) parameters as a function of the 
25 number of BTSs in a soft handoff mode with 

respect to said MS. 

8. The method of claim 7, wherein the power control 
parameters comprise part of a fast forward power 

30 control function of the BTSs. 

9. The method of claim 7 or 8 wherein the adjusting 
function comprises reducing the incremental value 
of FPC as the number of BTSs in a soft handoff 

35 mode with respect to said MS increases. 

10. The method of claim 7 or 8 or 9 further comprising: 

lowering a lower limit of traffic channel gain of a 
40 BTS (base transceiver station) as regards com- 

munications with a given MS (mobile station) 
when said given MS is not in a handoff mode. 

11. The method of any of claims 7 to 10, further com- 
45 prising: 

adjusting the range between upper and lower 
limits of traffic channel gain of a BTS (base 
transceiver station) as regards communica- 
50 tions with a given MS (mobile station) as a 

function of whether or not said given MS is in a 
handoff mode. 

12. The method of any of claims 7 to 11, further com- 
55 prising: 

raising a lower limit of traffic channel gain of a 
BTS (base transceiver station) as regards com- 
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munications with a given MS (mobile station) 
when said given MS is in a handoff mode as 
compared to the lower limit of the traffic chan- 
nel gain of the BTS when said given MS is not 
in a handoff mode. 5 

13. The method of any of claims 7 to 12, further com- 
prising: 

adjusting a lower limit of traffic channel gain of io 
a BTS (base transceiver station) as regards 
communications with a given MS (mobile sta- 
tion) as a function of whether or not said given 
MS is in a handoff mode. 

15 

14. A method of adjusting power control parameters as 
part of a fast forward power control function of the 
BTSs (base transceiver stations)in a cellular com- 
munication system comprising the steps of: 

20 

determining the number of BTSs in a soft hand- 
off mode with respect to a given MS (mobile 
station); and 

adjusting a lower limit of traffic channel gain of 
a BTS (base transceiver station) as regards 25 
communications with a given MS (mobile sta- 
tion) as a function of whether or not said given 
MS is in a handoff mode. 

1 5. A cellular communication system incorporating fast 30 
forward power control and having at least 2 BTSs 
receiving reverse link transmissions from a MS 
(mobile station) comprising: 

ch edging means for determining the number of 35 
BTSs (base transceiver stations) in a soft 
handoff mode with respect to a MS (mobile sta- 
tion); and 

means for adjusting at least one of the incre- 
mental FPC (fonward power control) and RPC 4o 
(reverse power control) parameters as a func- 
tion of the number of BTSs in a soft handoff 
mode with respect to said MS. 

16. A cellular communication system incorporating fast 45 
forward power control and at times having at least 2 
BTSs receiving reverse link transmissions from a 

MS (mobile station) in a handoff mode comprising: 

checking means for determining the number of so 
BTSs in a soft handoff mode with respect to a 
given MS (mobile station); and at least one of 

a) circuitry for adjusting a lower limit of traf- 
fic channel gain of a BTS (base transceiver ss 
station) as regards communications with a 
given MS (mobile station) as a function of 
whether or not said given MS is in a hand- 



off mode; 

b) circuitry for adjusting the range between 
lower and upper limits of traffic channel 
gain of a BTS (base transceiver station) as 
regards communications with a given MS 
(mobile station) as a function of whether or 
not said given MS is in a handoff mode. 

17. A computer program element comprising computer 
program code means arranged to cause a control- 
ler to execute procedure to perform any of the 
methods steps of claims 4 to 14. 

18. The computer program element of claim 17, 
embodied on a computer readable medium. 
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ALL BTSs IN SOFT HANDOFF 
WITH MS ESTIMATE Eb/No 
OVER PERIOD N (e.g. N=20m3) 
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EACH OF THE BTSa SENDS THE 
Eb/No ESTIMATE AND CURRENT 
TRANSMIT POWER IN USE TO BSC 



BSC DETERMINES BEST BTS(x) J 
WHICH CORRESPONDS TO BESTK 
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BTSs THAT MEET CONDITION ARE 
PUT INTO SYNCHRONIZATION. LIST 
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FOR ALL BTSa IN UST. BSC WELL 
INSTRUCT TO USE TXi 



SINCE NONE OF THE BTSa MEETS 
CONDTTION, SYNCHRONIZATION 
IS NOT NECESSARY 
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